Bovine leukemia virus (BLV) is an oncogenic retrovirus associated with B-cell lymphocytosis, leukemia, and lymphosarcoma in the ovine and bovine species. We have recently reported that in sheep, BLV protects the total population of peripheral blood mononuclear cells (PBMCs) from ex vivo spontaneous apoptosis. This global decrease in the apoptosis rates resulted from both direct and indirect mechanisms which allow extension of cell survival. Although sheep are not natural hosts for BLV, these animals are prone to develop virus-induced leukemia at very high frequencies. Most infected cattle, however, remain clinically healthy. This difference in the susceptibilities to development of leukemia in these two species might be related to alterations of the apoptotic processes. Therefore, we designed this study to unravel the mechanisms of programmed cell death in cattle. We have observed that PBMCs from persistently lymphocytotic BLV-infected cows were more susceptible to spontaneous ex vivo apoptosis than cells from uninfected or aleukemic animals. These higher apoptosis rates were the consequence of an increased proportion of B cells exhibiting lower survival abilities. About one-third of the BLV-expressing cells did not survive the ex vivo culture conditions, demonstrating that viral expression is not strictly associated with cell survival in cattle. Surprisingly, culture supernatants from persistently lymphocytotic cows exhibited efficient antiapoptotic properties on both uninfected bovine and uninfected ovine cells. It thus appears that indirect inhibition of cell death can occur even in the presence of high apoptosis rates. Together, these results demonstrate that the protection against spontaneous apoptosis associated with BLV is different in cattle and in sheep. The higher levels of ex vivo apoptosis occurring in cattle might indicate a decreased susceptibility to development of leukemia in vivo.
Bovine leukemia virus (BLV), a lymphotropic bovine retrovirus, is a member of the Oncovirinae subfamily, which also includes human T-cell leukemia virus types 1 and 2 (HTLV-1 and -2) (13) . These viruses are nonacutely lymphotropic retroviruses, inducing lymphoid neoplasia after long latency periods. In most cases, BLV infection remains clinically silent, and infected animals are then referred to as asymptomatic or aleukemic (AL) (2) . Only one-third of infected cattle develop persistent lymphocytosis (PL), a polyclonal expansion of B lymphocytes coexpressing CD5, high levels of surface immunoglobulin M (sIgM), and myeloid markers (7, 16) . After a latency period of 1 to 8 years, a monoclonal neoplastic transformation of infected B lymphocytes, resulting in fatal leukemia or lymphoma, occurs in fewer than 5% of the infected cows. Since the risk of developing leukemia or lymphoma is greater in animals with PL than in AL cattle, PL is often considered a preneoplastic condition. BLV naturally infects cattle but can also be experimentally transmitted into sheep (14) . This ovine host is a particularly convenient experimental model, since infected sheep develop B-cell neoplasia at a higher incidence and after shorter latency periods than cattle.
The molecular mechanisms underlying HTLV-and BLVinduced pathogeneses are still obscure. Nevertheless, it is assumed that the homeostasis of the target cells is perturbed, since infected cells accumulate within the bloodstream. So far, the common dogma has postulated that in virus-induced lymphocytosis, leukemia and tumor formation result mainly from the uncontrolled proliferation of infected lymphocytes. Cellular homeostasis is known to result from a critical balance between proliferation and apoptosis. An increasing number of studies have recently focused on dysregulation of apoptosis as a general component of viral strategies (for reviews, see references 22 and 28). In the case of virus-induced lymphocytosis, artificial prolonged survival of the infected cells caused by the virus is thus likely to contribute to disease progression. In the early stages of the disease, this process would favor viral spread within the host and lead to the expansion of a lymphocyte population. During the late phase, the protection from cell death might also play a key role in virus-induced oncogenesis.
The understanding of the apoptotic processes is strictly dependent on the cellular context and the experimental conditions used. Different protocols have provided conflicting conclusions. For example, while the HTLV-1 Tax protein has been shown to promote cellular death of murine fibroblasts (32) , expression of the tax gene in Jurkat T cells could result in either a reduced or an enhanced sensitivity to Fas-mediated apoptosis (5, 6) . In contrast, a protective effect was seen when primary human lymphocytes were treated with recombinant soluble Tax protein (6) . However, because of the lack of an appropriate experimental model, the biological significance of the mechanisms inhibiting apoptotic cell death during HTLV-1 infection is still elusive.
We and others have previously reported that BLV is able to protect infected sheep B lymphocytes from spontaneous ex vivo programmed cell death (9, 26) . In addition, supernatants from BLV-infected ovine peripheral blood mononuclear cells (PBMCs) contain factors that indirectly extend survival of naive cells in culture (9) . It thus appears that the presence of the BLV provirus inhibits both directly and indirectly the spontaneous cellular death occurring in ex vivo cultures of lymphocytes. These observations are consistent with a general mechanism based on decreased cell death that would be developed by the virus to disturb the blood cell homeostasis in vivo and would finally lead to leukemia. In sheep, this process might thus be of prime importance for the development of BLVinduced pathogenesis. In order to unravel these processes in the natural host of BLV, we analyzed the precise role of apoptotic dysregulation in the development of lymphocytosis in BLV-infected cattle.
and ethanol precipitation, the DNAs were resuspended in TE buffer (10 mM Tris-HCl [pH 7.5], 1 mM EDTA) and resolved on a 1.5% agarose gel.
In situ detection of apoptosis. An In Situ Cell Death Detection Kit, Fluorescein (Boehringer Mannheim) was used to measure apoptotic DNA fragmentation in individual cells. The test is based on the terminal deoxynucleotidyltransferase-mediated dUTP nick end labeling (TUNEL) technique. The TUNEL reaction allows the labeling of DNA strand breaks by incorporation of fluorescein isothiocyanate (FITC)-labeled dUTP on the free 3Ј-OH DNA ends. This assay was performed directly on cells after culture or after the cells had been previously labeled with MAb PIg45A2 (against sIgM) or MAb 4ЈG9 (against the p24 viral protein). For detection of apoptosis in the B-cell subset, cultured cells were first labeled with the PIg45A2 MAb for 20 min at room temperature. After two washes, the cells were incubated with phycoerythrin-conjugated goat antimouse Ig (isotype specific), washed twice, and processed for the TUNEL reaction. Prior to the terminal deoxynucleotidyltransferase labeling, cells were washed twice in PBS-10% FCS and fixed in 1% paraformaldehyde for 15 min at 4°C. After two washes in PBS-10% FCS, the cells were permeabilized in 70% ethanol at Ϫ20°C for at least 30 min. For simultaneous detection of apoptosis in infected and uninfected cells, the cells were first fixed in paraformaldehyde and ethanol as described above. Internal detection of the p24 viral protein was performed on fixed cells by sequential incubation with the 4ЈG9 MAb and a phycoerythrin-conjugated secondary antibody. After two washes, the TUNEL reaction was performed essentially according to the manufacturer's instructions.
Semiquantitative PCR analysis. The PCRs were performed directly on blood samples essentially as previously described (9) . Briefly, aliquots of blood were mixed with an equal volume (500 l) of lysis buffer (0.32 M sucrose, 10 mM Tris-HCl [pH 7.5], 5 mM MgCl 2 , 1% Triton X-100). After three washes in the same buffer, the samples were resuspended in 500 l of PCR buffer (50 mM KCl, 
RESULTS
PBMCs from cows with PL are prone to high levels of spontaneous ex vivo apoptosis. Enzootic bovine leukosis is a complex progressive disease in which infected cows may go through multiple clinical stages. While 30% of infected cows exhibit PL, the majority of the animals remain persistently infected but are clinically healthy and are thus classified as AL. In order to compare the ex vivo survival rates of PBMCs isolated from animals at various stages of the disease, we collected blood from three cows with PL (PL cows 1583, 1602, and 1622) and from three BLV-infected cows without clinical disorders (AL cows 1411, 1493, and 1522). Three NI cows were also used as controls (NI cows 1384, 1561, and 1692). PBMCs were isolated by Ficoll gradient centrifugation and cultured for 24 h, and the occurrence of apoptosis within the cultures was then assessed. The biochemical hallmark of apoptosis is the internucleosomal cleavage of the genomic DNA within the apoptotic cells. This DNA fragmentation can be revealed in situ by the TUNEL procedure, which is based on the enzymatic incorporation of fluorescein-dUTP into the nicks generated in the apoptotic cells. We used this assay to determine cell survival in ex vivo cultures from BLV-infected and NI cows. After the TUNEL reaction, the cell samples were analyzed by flow cytometry in order to evaluate the proportion of cells undergoing apoptosis. As shown in Fig. 1A , about one-third of the cells from NI or AL cows had incorporated the fluorescent marker (26 to 44% and 28 to 36% for NI and AL cows, respectively). In contrast, PBMC cultures from cows with PL showed very high apoptosis rates. Indeed, in independent cultures from three different In order to confirm the occurrence of apoptosis in the cultures, we performed a gel electrophoresis of LMW DNA isolated from PBMCs cultured for 24 h. Indeed, the extensive internucleosomal cleavage of DNA during apoptosis results in LMW DNA fragments that can easily be separated from intact, chromosome-length DNA. After gel electrophoresis, these fragments appear as a typical DNA ladder, whose pattern is considered to be the hallmark of apoptosis. In parallel to the TUNEL assay, we thus cultured PBMCs from the BLV-infected AL cow 1522 and from the PL cow 1583. As a control, NI PBMCs from the BLV-seronegative cow 1692 were also included. For each of the three cows, a typical DNA ladder appeared when LMW DNA was resolved on an agarose gel, demonstrating the occurrence of apoptosis (Fig. 1B) . The intensity of the DNA ladder corresponding to the PL cow (1583) revealed massive cell death in comparison with the levels of DNA fragmentation observed in NI and AL samples. This result thus supports the data obtained with the quantitative TUNEL assay and demonstrates that BLV-infected PBMCs from cows with PL are more susceptible to ex vivo apoptotic cell death than those from AL or NI cattle. These observations are unexpected, since we have shown in a previous report that BLV-infected sheep PBMCs are less prone to undergo ex vivo apoptosis than are NI cells (9) .
In order to refine these observations, we next performed a kinetic analysis of the PBMC survival during the culture. The PBMCs from the nine cows were cultured for 1, 6, 14, and 24 h, harvested, and analyzed by the TUNEL procedure ( Fig. 2A) . For each time point, the mean apoptotis rates were calculated according to the stage of the disease (Fig. 2B) . After 1 h of culture, the cell mortalities were low (around 1%) and did not differ among the three groups (NI, AL, and PL). This observation indicates that the isolation procedure does not alter the cell survival for the different samples. Within 6 h, the mean apoptosis rates greatly increased for all of the animals. However, a marked difference appeared between PBMCs from cattle with PL and those from NI animals: the mean apoptosis rates reached 60% for PL cows versus 28% for NI cows. On the other hand, there was no difference in the kinetics of apoptosis between NI and AL cows, and both categories had similar apoptosis rates after 6 h of culture (27% for AL cows and 28% for NI cows). At later time points (14 and 24 h), the levels of TUNEL-positive cells exhibited only a slight increase in the different samples. Together, these data demonstrate that PBMCs from persistently infected cows display an increased spontaneous ex vivo apoptosis compared to PBMCs from NI or AL cows.
PL in cattle is associated with a reduced ex vivo survival of the B-cell population. Cows with PL exhibit characteristic hematological disorders, with a major perturbation being an increase in circulating B lymphocytes. This kind of anomaly is not found in the AL cows, whose B-cell counts remain within the normal range, accounting for 15 to 30% of the total PBMC population. We thus postulated that these changes in the hematological status of PL versus NI and AL cows could be responsible for the differences in the ex vivo apoptosis rates. Therefore, blood samples were collected by jugular venipuncture of three PL cows (cows 1583, 1602, and 1622), three AL cows (cows 1411, 1493, and 1522) and three NI cows (cows 1384, 1561, and 1692) used as controls. The number of leukocytes and the proportion of lymphocytes were then determined by examination under a light microscope ( Table 1) . As expected, the highest lymphocyte counts were obtained for the cows with PL, with the numbers of lymphocytes being above 8,000/mm 3 . On the other hand, neither the AL nor the NI cows showed lymphocytes counts of above 5,000/mm 3 . We next assessed the B-lymphocyte survival in ex vivo PBMC cultures from these animals (Fig. 3) . After 24 h of culture, the cells were successively labeled with an anti-IgM antibody (PIg45A2) and with a phycoerythrin-conjugated secondary antibody. The cells were then fixed in paraformaldehyde-ethanol and analyzed for programmed cell death by the TUNEL procedure. The proportions of B cells within the PBMC population, estimated by flow cytometry on the basis of the red fluorescence, are summarized in Table 1 . As expected, cows with PL exhibited high proportions of IgM ϩ B cells (64 to 82%), while AL and NI cows have low percentages of B-lymphocytes (13 to 32%). The dual-fluorescence analysis (TUNEL and sIgM) allowed us to analyze the apoptotic process within the B-cell subset (Fig. 3A) . In control NI cows 1384, 1561, and 1692, the proportion of B cells undergoing apoptotic DNA cleavage ranged from 53 to 61% (Fig. 3B) . Similar apoptosis rates were obtained for AL cows: 46 to 55% of B cells died by apoptosis after 24 h of culture. In contrast, the vast majority of the B lymphocytes isolated from PL cows were positive by the TUNEL assay (84, 85, and 87% for cows 1583, 1602, and 1622, respectively), indicating that massive cell death occurred within this particular lymphocyte subset.
Together, these data demonstrate that the higher apoptosis rates of PBMCs from PL cows are the consequence of an increased proportion of B cells with a lower ex vivo survival ability.
Most but not all of the BLV-expressing cells exhibit extended ex vivo survival. Two recent studies have demonstrated that BLV is capable of increasing the life span of sheep PBMCs in ex vivo cultures (9, 26) . Based on the observation that BLV-expressing cells were completely protected from spontaneous programmed cell death, we have assigned a direct role to the virus in the inhibition of the cellular apoptotic programs in sheep (9) . To correlate viral expression with apoptosis in cattle, we analyzed the apoptosis levels within the BLV-infected cells. For this purpose, blood samples were collected by venipuncture from three cows with PL (cows 1583, 1602, and 1622). As controls, we also used three NI cows (1384, 1561, and 1692) and three AL cows (1411, 1493, and 1522). PBMCs were isolated, cultured for 24 h, fixed, and incubated with MAb 4ЈG9, which recognizes the BLV capsid protein p24, and a phycoerythrin-conjugated secondary antibody. Finally, the DNA strand breaks were labeled by the TUNEL reaction, and samples were analyzed by flow cytometry. This procedure allows the detection of apoptotic cells in the p24-positive and p24-negative cell subsets (Fig. 4A) . As control, background levels of p24-positive cells (fewer than 1%) were determined in the cultures of PBMCs from NI cows (cows 1384, 1561, and 1692). Similar results were obtained with PBMCs from AL cows 1493 and 1522, but a slightly higher number of p24-expressing cells (about 1%) was detectable in the case of cow 1411. However, the percentage of double-stained cells within sample 1411 was still below the background levels (less than 1%). On the other hand, PBMC cultures from PL cows contained about 15 to 20% of cells expressing the p24 viral protein: 21% (13 ϩ 8), 20% (14 ϩ 6), and 15% (10 ϩ 5) for cows 1583, 1602, and 1622, respectively. Even if the majority appeared to survive the ex vivo culture conditions, about one-third of the p24-producing cells had undergone programmed cell death at 24 h. Indeed, 35% [8/ (13 ϩ 8) ], 36% [6/(14 ϩ 6)], and 33% [5/(10 ϩ 5)] of the p24-producing cells (for cows 1583, 1602, and 1622, respectively) were strongly positive for DNA fragmentation.
To correlate the number of p24-positive cells with the proviral loads, viral DNA levels within the circulating blood of all of the analyzed animals were determined by semiquantitative PCR. The DNAs were extracted from the samples as previously described (9) , and proviral sequences were specifically amplified by PCR. Amplification products were resolved on an agarose gel and analyzed by Southern blotting with a BLV probe (Fig. 4B) . As a control for semiquantification, serial dilutions (1/1 to 1/100) of DNA isolated from PL cow 1602 were amplified in parallel (Fig. 4B) . As a control for specificity, no hybridization signals were detected with DNAs isolated from NI (no. cows 1384, 1561, and 1692). In contrast, the amplification of viral sequences from the three cows with PL yielded strong hybridization signals (cows 1583, 1602, and 1622). No amplification products were observed under these conditions with samples from AL cows 1493 and 1522, and only a faint signal (about 1/100-fold) was visible for AL cow 1411 (Fig. 4B) . These results indicate that the amounts of proviral sequences within the blood samples roughly parallel the numbers of p24-expressing cells as measured by flow cytometry and indicate that the numbers of infected cells differ drastically between AL and PL cows.
Together, these data demonstrate that in PL cows, cells expressing BLV antigens are less prone to undergo spontaneous apoptosis than NI cells. However, expression of the virus alone is not sufficient to ensure full protection against cell Culture supernatants from PL BLV-infected PBMCs protect NI cells from spontaneous apoptosis. We have recently reported that supernatants from BLV-infected sheep PBMCs can rescue NI ovine cells from undergoing spontaneous programmed cell death (9) . This indirect mechanism suggests that a secreted factor, which could diffuse into the culture medium, provides an effective protection to uninfected cells. In this respect, we have proposed that this factor could be responsible, at least in part, for the decreased apoptosis rates observed in cultures of BLV-infected sheep PBMCs. In order to test the antiapoptotic properties of culture supernatants from BLVinfected bovine cells, PBMCs were isolated from four cows with PL (cows 1570, 1583, 1713, and 1743) and two BLVinfected AL animals (cows 71 and 74). These cells were cultured for 48 h, and the corresponding supernatants were recovered, centrifuged, and filtered. As controls, supernatants from an NI cow (cow 6005), an NI sheep (sheep 118), and a sheep infected with a recombinant BLV provirus (sheep 8) (31) were prepared by the same procedure. The supernatants were then diluted (20-fold) and added to the PBMCs isolated from two uninfected cows (cows B1 and B2). After 20 h of culture, the apoptosis rates were determined by the TUNEL procedure (Fig. 5) . As a control, the protective effect of the supernatants was first tested on PBMCs from two uninfected sheep (no. 112 and 119). When cultured in medium alone, about half of the cells (48%) from sheep 112 underwent spontaneous cell death (Fig. 5A) . A similar apoptosis rate (46%) was obtained when cells were cultured in 20-fold-diluted supernatant from another uninfected sheep (no. 118). On the other hand, supernatant from a BLV-infected sheep (no. 8) led to an effective decrease in the apoptosis rate, since only 13% of the cells from uninfected sheep 112 were positive by the TUNEL reaction. These observations thus support our previous results and demonstrate that media conditioned by infected ovine cells inhibit apoptosis of naive sheep PBMCs (9) . Similar conditions were then used to analyze the protective ability of supernatants from bovine cell cultures. Compared to medium alone, no significant decrease in cell death was observed with supernatants from uninfected cow 6005 or BLVinfected AL cows 71 and 74 (apoptosis rates of 40, 46, and 42%, respectively). Surprisingly, when cells from sheep 112 were cultured with supernatants from PL cows, the percentages of apoptotic cells decreased significantly, from 48 to 27, 20, 27, and 21% for cows 1570, 1583, 1713, and 1743, respectively (Fig. 5A ). Similar observations were obtained independently with PBMCs from another uninfected sheep (no. 119). In this case, the apoptosis rates decreased from 60% with medium alone to 39, 34, 41, and 32% with supernatants from cows 1570, 1583, 1713, and 1743, respectively. These supernatants thus exert effective antiapoptotic effects on sheep lymphocytes in comparison to nonconditioned medium (protection rates ranging from 20 to 27.5%) (Fig. 5B) . We conclude that supernatants which have been conditioned by PBMCs from cows with PL can reduce spontaneous cell death of uninfected sheep PBMCs. These experiments were next performed under similar conditions on NI bovine cells. Supernatants from BLV-infected sheep 8 exhibited an antiapoptotic capability on bovine cells (protection rates of 10%) (Fig. 5C) . Interestingly, supernatants from cows with PL showed a weaker, but still effective, cell death-rescuing activity (protection rates of 6.5, 7.5, 8, and 8.5% for cows 1570, 1713, 1743, and 1583, respectively). On the other hand, supernatants from neither an NI cow (no. 6005) nor BLV-infected AL cows were able to decrease spontaneous apoptosis of bovine NI cells (Fig.  5C) . Together, these results clearly demonstrate that supernatants from PL cows can rescue uninfected cells from ex vivo programmed cell death. Furthermore, this antiapoptotic effect is not species restricted, since bovine supernatants are also effective on ovine cells (compare Fig. 5B and C) .
DISCUSSION
In a previous report (9), we demonstrated that the total population of PBMCs isolated from BLV-infected sheep exhibit reduced spontaneous ex vivo apoptosis. In addition, BLV appears to specifically inhibit programmed cell death of the infected ovine B lymphocytes. For the bovine species, we show here that protection against apoptosis is not an absolute characteristic of cells expressing the virus. We have demonstrated that one-third of the cells which express the p24 major capsid antigen are undergoing apoptosis in ex vivo short-term cultures. As a consequence, viral expression does not always correlate, at the PL stage, with a complete protection of all of the infected target cells. The situation thus appears to be quite different in cattle and in sheep, which are the two species prone to develop leukemia after infection by BLV. This differential susceptibility to undergoing apoptosis might be correlated to genetic alterations occurring at late stages (i.e., PL and tumor phases) of the disease in cattle. Indeed, we and others have previously demonstrated that alterations in the p53 gene occur in cattle, but not in sheep, at the transition between PL and the leukemia stage (8, 27) . Such neutralization of the p53-dependent proapoptotic pathways through genomic mutations would thus provide a survival advantage to the infected cells. Therefore, these cells would acquire a higher oncogenic potential and propagate to finally yield tumors. In this respect, the expression of the Bax protein, a downstream target of p53 in this pathway, appears to be altered, while the cell progresses towards full transformation. Indeed, an increased ratio of Bcl-2 to Bax expression, which is believed to predetermine the susceptibility to various apoptotic stimuli, has recently been correlated with advanced neoplastic stages of the disease in cattle (23) . Mutations within the p53 tumor suppressor gene and subsequent inactivation of apoptosis could thus be essential events required for the infected cell to achieve full malignancy in cattle. Since p53 mutations have never been observed in ovine tumor cells in vivo, the inactivation through genomic mutations of the p53-dependent proapoptotic pathways does not seem to be a prerequisite for tumorigenicity in sheep. In cattle, as long as this rare genomic event did not occur, the p53 a Values were determined from two independent experiments and represent the proportion of B cells within the total PBMC population. virus directly protects its host cell from apoptosis. There is, however, a completely opposite model which could explain the same phenomenon. It is indeed possible that BLV preferentially infects a certain cell subtype with intrinsic abilities to survive. In other words, the particular cell which is the potential host for BLV would never die under our experimental . It thus appears that the presence of the CD11b marker on bovine cells does not correlate with a greater ex vivo survival ability. In the sheep model, the global decrease in spontaneous apoptosis of the B lymphocytes has been assigned to a B-1-like (CD11b ϩ /sIgM ϩ ) subpopulation which exhibits increased ex vivo survival abilities (3). However, this observation could result from the higher susceptibility to viral infection exhibited by the CD11b ϩ B-cell subtype. In this case, the presence of the CD11b marker would not correlate with a better survival of the infected cell but would reflect the preference of BLV to replicate in a given subpopulation of B cells (25) .
Since a large proportion of the PBMCs from cattle with PL are undergoing apoptosis in ex vivo short-term cultures, the most unexpected observation from this study is that the corresponding supernatants contain an antiapoptotic factor able to protect uninfected cells. Despite being detectable after 48 h, the molecule is unable to efficiently protect cells from cows with PL from undergoing apoptosis in the early hours of culture. The most straightforward interpretation for this observation is that the factor is slowly secreted in the medium by a complex, multiple-step process. In this model, cytokines, like interleukin-2 (IL-2) and IL-10, could be implicated in the regulation of apoptosis during leukemogenesis (12, 17, 21) . For example, significant IL-2 functional activity has been observed in concanavalin A-stimulated PBMCs from PL cows (29) . Nevertheless, in our hands, a polyclonal anti-recombinant human IL-2 antibody, which was shown to efficiently inhibit bovine IL-2 activity, was unable to abolish the antiapoptotic effect of culture supernatants from unstimulated cells isolated from cattle with PL (data not shown). Alternatively, viral proteins, like the Tax transactivator, could be other factors mediating this antiapoptotic process. Indeed, the Tax protein from the related HTLV-1 is able to inhibit apoptosis of T lymphocytes (1, 6, 15) . Although the protective function of Tax in vitro is still a matter of discussion (4, 5, 11, 32) , it is becoming clear that HTLV-1 Tax decreases programmed cell death of primary T lymphocytes in vivo. Experiments designed to identify the protective factor(s) in the BLV system are under way.
In addition to the direct protection of its target cell, BLV also modifies the homeostasis of the total B-lymphocyte population. In sheep, this indirect antiapoptotic effect inhibits cell death of the majority (about 80%) of the B lymphocytes (9) . This drastic alteration of the B-cell susceptibility to apoptosis is already observed at the asymptomatic stage of the disease when the proviral loads are low (less than 1% of the wild-type levels). In addition, when the sheep are infected by recombinant viruses which exhibit a reduced ability to propagate, a similar protection of the B cells occurs. It thus appears that this indirect protection is independent of the proviral loads, although this process probably requires a certain latency period to be fully efficient (9, 26) . The susceptibility to apoptotic cell death of the B lymphocytes in sheep can thus be summarized as follows: NI Ͼ AL ϭ L (leukemic). The situation appears to be completely different in cattle (Fig. 3) : NI ϭ AL Ͻ PL. In contrast to the ovine B cells, the B lymphocytes of leukemic cattle with PL are thus more susceptible to apoptosis under similar experimental conditions. The differential interplay of BLV with the ovine or bovine species might indeed be related to differences in the corresponding induced pathologies. PL in cattle is a stabilized stage at which the numbers of lymphocytes remain high, but relatively constant, over extended periods of time. In contrast, sheep do not strictly develop a real PL. In this species, the proviral loads rise more gradually, indicating that the virus spreads at approximately constant rates (13) . Strictly, the lymphocytosis in sheep is thus increasing rather than persistent. The occurrence of massive apoptosis in ex vivo cultures of bovine PBMCs could reflect a difference in pathology observed in vivo. In cattle, the effective control of cellular homeostasis by apoptosis would explain the stabilization of lymphocytosis into a given persistent stage. This virus-host equilibrium has definitely not been achieved in sheep, which are not a natural host for BLV. In this species, BLV is indeed transmissible but is not contagious under natural conditions. Since coevolution could not occur, a lack of symbiosis might explain why virus-induced pathology is more acute. Although these comments are very speculative, they might provide a model to illustrate the interplay between a single pathogen and two different hosts.
